Powder X-ray diffraction
Figure S1 Powder X-ray diffraction (XRD) patterns of K 2 MnF 6 and the K 2 TiF 6 :Mn 4+ (x%) phosphors. The diffraction patterns are in agreement with the literature references for hexagonal phase K 2 MnF 6 (PDF 04-015-4092) and K 2 TiF 6 (PDF 00-008-0488). The aluminium (Al) and carbon (C) peaks originate from the aluminium holder and carbon tape beneath the sample. The platinum (Pt) peak is due to the platinum layer sputtered onto the phosphor particles for the SEM-EDX measurements.
Scanning electron microscopy and Energy-dispersive X-ray spectroscopy

Influence of excitation wavelength on the observed thermal quenching behavior
The excitation wavelength used in photoluminescence (PL) measurements can have a large influence on the temperature dependence observed for the PL intensity I PL . Because the Mn 4+ excitation bands broaden and redshift with temperature ( Figure S3a) Figure S3b ). Consequently, different quenching temperatures T ½ and activation energies ∆E are obtained. As the true T ½ and ∆E are obtained when effects due to band broadening and shifting are minimized, the preferred excitation wavelength is at or close to the band maximum when measuring the temperature dependence for I PL . However, even then a change in the emission intensity by variations in the absorption strength at the excitation wavelength can introduce an error in T ½ . In general, temperature-dependent lifetime measurements provide a more reliable value for T ½ 
Quenching by multi-phonon relaxation
In the configurational coordinate diagram, the parabolas of the Mn -doped oxides, thermal quenching of the Mn 4+ luminescence was attributed to multi-phonon relaxation [2] [3] [4] [5] . The temperature dependence of the luminescence intensity and emission lifetime was explained with a multi-phonon relaxation process involving more than 40 phonons. Also in Mn . For such high numbers of phonons (p > 30), it is unrealistic that non-radiative multiphonon relaxation is responsible for thermal quenching, as typically multi-phonon relaxation can only compete with radiative decay if the energy difference between the ground and excited state is equal to or less than 5 times the ν max of the surrounding lattice. Moreover, if quenching would occur through multi-phonon relaxation, it is expected that the T ½ is relatively similar for the different Mn . Finally, the non-radiative decay rate due to multi-phonon relaxation increases with temperature as the non-radiative decay rate at low temperatures multiplied by (n + 1) p (Ref. 9 ). This implies that also at low temperatures multi-phonon relaxation should be effective as phonon emission can always occur. The observation of quantum efficiencies close to 100% at ambient temperature is not consistent with multi-phonon relaxation. We conclude that thermal quenching of the Mn 4+ luminescence cannot be due to multi-phonon relaxation from the 2 E state.
Relation between quenching temperature and energy of Mn
4+ charge-transfer transition Figure S5 shows the luminescence quenching temperature of Mn Figure S5 is also listed in Table S1 . We want to note that for most Mn Table S1 . 
Mn 4+ luminescence spectra measured at elevated temperatures
Additional proof for thermal quenching by crossover via the 4 T 2 state is obtained from Mn 4+ luminescence spectra measured at elevated temperatures. Figure S7 shows emission spectra of K 2 SiF 6 :Mn 4+ (commercial phosphor) measured at T = 573 and 673 K. Besides the characteristic 2 E → 4 A 2 emission lines, the luminescence spectra in Figure S7 exhibit some additional weak emission bands/lines at wavelengths shorter than 600 nm. These emissions are assigned to the Mn A 2 emission intensity is regained (blue spectrum in Figure S7 ). These measurements indicate that the emission intensity decrease between 573 and 673 K is due to thermal quenching of both the 4 -doped oxides (red dots). The data displayed in this figure is also listed in Table S2 . 
Energy transfer between Mn 4+ ions
The results presented in Figure 5 show that concentration quenching via energy migration is weak in K 2 TiF 6 :Mn
4+
. We attribute this to the fact that energy transfer between Mn 4+ neighbors probably has to occur via exchange interaction 14, 37 . The very small oscillator strength of the zero-phonon line prevents efficient resonant energy transfer via dipole-dipole interaction. Energy transfer via exchange interaction (wavefunction overlap) is possible but only active for very small (<5 Å) distances between the Mn 4+ ions and is therefore limited to transfer between nearest neighbors (nearest neighbor distance is 4.7 Å in K 2 TiF 6 . This situation will also apply to other Mn 4+ -doped fluoride phosphors. We therefore expect concentration quenching by energy migration in general not to be an issue for the use of Mn 4+ -doped fluorides in w-LEDs. The quenching that is observed for higher Mn 4+ concentrations is explained by an increase in the amount of quenching centers with increasing manganese concentration.
